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Responsive to the Office Action dated April 25, 2003 kindly 



consider the following remarks: 



REMARKS 



Reconsideration of the application is requested. 

Claims 1-16 remain in the application. Claims 1-9 are 
subject to examination and claims 10-16 have been withdrawn 
from examination. 

The Examiner has not acknowledged the receipt of applicant's 
claim for priority under 35 U.S. C. § 119. On September 4, 
2001, applicant filed a claim for priority together with the 
certified copy of the German Patent Application 199 06 291.9, 
filed February 15, 1999. The patent office received and 
returned a postcard associated with these documents on 
September 7, 2001. 

In item 2 on page 2 of the above- identified Office action, 
claims 1-9 have been rejected as being obvious over U.S. 
Patent No. 6,534,837 to Bai et al . (hereinafter 4 837) in view 
of U.S. Patent No. 6,441,418 to Shields et al . (hereinafter 
M18) under 35 U.S.C. § 103(a). 

Applicant respectfully notes that 4 837 is a division of an 
application with a United States filing date of September 18, 
1998 and that '418 has a United States filing date of 
November 1, 1999. See 35 U.S.C. § 102(e). As set forth in 
the Declaration of record, the instant application is a 
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continuation application of copending International 
Application Serial No. PCT/DE00/00298 , filed February 1, 
2000, which claims international priority of the German 
Application No. 199 06 291.9, filed February 15, 1999, under 
35 U.S.C. § 119. Pursuant to 35 U.S.C. §§ 119, 120 and 363, 
applicant is entitled to the priority date of the German 
application. See MPEP §§ 201.13 and 1895. Thus, the instant 
application predates 1 418 by more than 8 months . Because 
M18 was filed after the priority date of the instant 
application, applicant respectfully believes that '418 is 
unavailable as prior art . 

Applicant acknowledges that perfection of priority can only 
be obtained by filing a certified English translation of the 
German priority application. See 35 U.S.C. § 119. 
Concurrent herewith, applicant has filed a Claim for Priority 
including both a certified copy of German application 196 30 
398.2 and a certified English translation of same. 
Accordingly, applicant respectfully believes that priority 
has been perfected and ' 418 is unavailable as prior art. 
Therefore, applicant respectfully submits that the Section 
103 rejection on pages 2 to 3 of the Office action is now 
moot . 

In light of the above, applicant believes that none of the 
references, whether taken alone or in any combination, either 
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show or suggest the features of claims 1 through 9 . Claims 1 
through 9 are, therefore, believed to be patentable over the 
art. 



In view of the foregoing, reconsideration and allowance of 
claims 1-9 is solicited. 

In the event the Examiner should still find any of the claims 
to be unpatentable, counsel would appreciate receiving a 
telephone call so that, if possible, patentable language can 
be worked out . 

Please charge any other fees that might be due with respect 
to Sections 1.16 and 1.17 to the Deposit Account of Lerner 
and Greenberg, P. A., No. 12-1099. 

Respectfully submitted, 



July 25, 2003 

Lerner and Greenberg, P. A. 
P.O. Box 24 8 0 

Hollywood, Florida 33022-2480 
Tel.: (954) 925-1100 
Fax: (954) 925-1101 
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re tr^^ the below named translator, hereby declare that: my name and post 
office address are as stated below; that I am knowledgeable in the 
English and German languages, and that I believe that the attached text 
is a true and complete translation of German Application No. 199 06 
291.9, filed February 15, 1999 

I hereby declare that all statements made herein of my own knowledge 
are true and that all statements made on information and belief are 
believed to be true; and further that these statements were made with 
the knowledge that willful false statements and the like so made are 
punishable by fine or imprisonment, or both, under Section 1001 of Title 
18 of the United States Code and that such willful false statements may 
jeopardize the validity of the application or any patent issued thereon. 
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Description 

Semiconductor structure having an interconnect 

The invention relates to a semiconductor structure in an 
integrated circuit having an insulating layer on a support and 
having an interconnect arranged above the insulating layer, 
and also to a method for fabricating the structure. 

In integrated circuits, for the purpose of driving the 
individual components, interconnects are required as wiring. 
In many cases, these interconnects also lead over an active 
region or other conductive structures, giving rise to 
parasitic capacitances which impair the speed of the circuit. 

It is thus a fundamental goal in integrated circuits to reduce 
these parasitic capacitances. This is especially true as the 
integration level increases, since the interconnects 
increasingly have to be routed over active regions and the use 
of thicker insulation layers below the interconnects has led 
to an increase in the aspect ratios and topology steps that 
occur, which in turn leads to difficulties in terms of process 
engineering . 

Furthermore, interconnects in integrated circuits are used as 
word lines of transistors. Over an active region in the 
semiconductor substrate which has two spaced-apart regions, 
doped oppositely to the conductivity type of the substrate, an 
interconnect forms the gate of a MOS transistor. The 
transistor can be switched by means of the gate potential. In 
many cases it is desirable for a transistor in a circuit to be 
always open (or always closed) independently of the gate 
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potential. A predetermined integrated circuit can be 
programmed in this way. 

It is an object of the present invention to specify a 
semiconductor structure having an interconnect which, on the 
one hand, has a low parasitic capacitance, and also a method 
for fabricating such a semiconductor structure. It is a 
further object to specify a semiconductor structure having an 
interconnect which allows simple programming of transistors, 
and also a corresponding programming method. These objects are 
achieved by means of a semiconductor structure having the 
features of claim 1 and by means of a method having the 
features of claim 10. 

The invention is based on the idea of arranging the 
interconnect on a cavity. The lower surface of the cavity 
adjoins an insulating layer on a support, the upper surface of 
said cavity adjoins the interconnect and, on two opposite 
sides, said cavity adjoins an insulating covering. The 
insulating covering also covers the side walls of the 
interconnect. In other words, below a section of the 
electrically conductive interconnect there extends a cavity 
having essentially the same lateral dimensions as the 
interconnect. The cavity is preferably filled with air or an 
essentially inert gas; in particular, it is partially 
evacuated . 

Transversely with respect to the interconnect direction, the 
cavity essentially has the same width as the interconnect 
width. In the direction of the interconnect, the cavity can 
extend below the entire interconnect. However, the 
interconnect can also have a section in which it is arranged 
on a lower conductive layer; in other words, the cavity is 
virtually filled here with the lower conductive layer, in 
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particular with n-doped or p'doped polysilicon. In such a 
section, the interconnect can be used as the gate of a 
transistor. The interconnect is preferably composed of a metal 
silicide. 

The support over which the interconnect with underlying cavity 
is arranged may contain an active region in the form of two 
spaced-apart doped S/D regions of a MOS transistor. In this 
case, then, the semiconductor structure constitutes a MOS 
transistor in which the interconnect forms the gate and is 
isolated from the gate oxide by a cavity. Such a transistor is 
always in the open state or in the closed state (normally on 
or normally off depending on the threshold voltage chosen) 
independently of the gate potential. 

The method for fabricating the semiconductor structure 
provides for an insulating layer to be applied on a support 
and then for a lower conductive layer and an upper conductive 
layer to be applied. The upper conductive layer may also be a 
multiple layer. The two conductive layers are patterned, 
preferably simultaneously, in track form in accordance with 
the interconnect to be fabricated. An insulating covering is 
formed on the uncovered surfaces of the lower and upper 
conductive layers. An opening is then produced in the 
insulating covering, which at least partly uncovers a surface 
of the lower conductive layer. Through this opening, the lower 
conductive layer is selectively removed with the aid of an 
essentially isotropic etching method. The opening is closed 
with a further insulating material. Preferably, the lower 
conductive layer is composed of n-doped or p-type polysilicon, 
and the upper conductive layer is composed of a silicide. KOH, 
in particular, can be used for etching the lower conductive 
layer, i.e. for producing the cavity. 
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If the cavity is intended to be produced over a relatively 
long section of the interconnect, it is advantageous to 
arrange a plurality of openings in the covering at a 
predetermined distance from one another along the 
interconnect . 

With the aid of the method, a transistor formed in the 
semiconductor substrate can be programmed in a simple manner: 
depending on the arrangement of an opening in the insulating 
covering and on the etching time, either a cavity is formed 
above the channel region of the transistor, or the lower 
conductive layer remains and forms part of the gate. Only in 
the latter case is the transistor controlled by way of the 
potential of the gate. The invention thus enables a mask- 
programmable circuit. 

It is a significant advantage that it is possible to use 
customary method steps for fabricating an interconnect, in 
particular a word line in a memory circuit, and it is 
necessary merely to carry out an etching process (using 
phototechnology) for opening the insulating covering and the 
subsequent cavity etching process. In some DRAM concepts, it 
is even the case that these etching processes are already 
implemented for forming other structures - for example a 
conductive strap which connects the selection transistor to a 
storage capacitor -, and so all that is required is design 
optimization for the opening of the insulating covering. An 
example of such a fabrication method is disclosed in EP 543 
158 A2 and in EP 651 433 Al (in particular columns 5 and 6 of 
the description) . 

The invention is explained in more detail below using an 
exemplary embodiment illustrated in the figures. 
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Figures 1 to 5 show a section through or a plan view (Figure 
2) of a semiconductor substrate which is used to illustrate 
the method steps and the semiconductor structure. 

Fig. 1 a silicon oxide layer is applied as insulating layer 2 
on a support 1, for example a silicon semiconductor substrate. 
The silicon oxide layer can be used as gate oxide in specific 
sections of the circuit. On it, n-doped polysilicon is applied 
as lower conductive layer 3 and a metal silicide, in 
particular Wsi x , is applied as upper conductive layer 4, using 
known methods. This double layer 3, 4 is patterned in track 
form (cf. Figure 2), and provided with an insulating covering 
5 on the free surfaces. The insulating covering may comprise a 
part bearing on the upper conductive layer 4, and lateral 
spacers, the bearing part being patterned in track form 
together with the conductive layers 3, 4 and the spacers 
subsequently being produced on the side walls. This procedure 
is known for the all-around encapsulation of interconnects, 
for example word lines. The insulating cover may be composed, 
in particular, of silicon oxide and/or silicon nitride. 

Fig. 2 the position of the lower and upper conductive layers 
3, 4 and of the insulating covering 5 is illustrated 
diagrammatically in the plan view. The region illustrated by 
broken lines indicates the position of an opening 6 in the 
photomask to be applied. Outside the opening, the arrangement 
is covered with photoresist. The opening must overlap the 
insulating covering, to be precise to an extent such that an 
etching process uncovers a side wall of the lower interconnect 
3. If a strictly anisotropic etching process is used, the 
opening 6 must extend as far as said side wall. The 
interconnect is overlapped. The opening 6 extends beyond the 
upper interconnect 4 only on one side of the upper 
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interconnect 4 . The upper interconnect 4 is not attached 
during the fabrication of the opening. 

Figs. 3, 4 the insulating covering is etched with the aid of 
the photomask with the opening 6. Afterward, if appropriate 
once the photomask has been removed, the n-doped polysilicon 3 
is removed using an isotropic etching process. An etching 
process using a KOH solution is suitable for this purpose. The 
upper conductive layer 4 composed of silicide and the 
insulating covering 5 are not attached. Figure 3 shows the 
resulting arrangement in cross section at a point removed from 
the opening 6 (see Figure 2) ; Figure 4 shows a cross section 
in the region of the opening. A cavity H is formed below the 
upper conductive layer 4. In order to ensure the removal of 
the n-type polysilicon 3, the openings 6 are provided at a 
plurality of points at a predetermined distance along the 
track. The upper interconnect 4 is not attacked during the 
fabrication of the opening. 

Fig. 5 in the region of the opening 6, the hole formed in the 
insulating covering is closed again. For this purpose, a layer 
7 made of the material of the insulating covering is 
preferably deposited over the whole area. A boron- or 
phosphorous-doped glass, as is usually used as so-called "sub- 
layer dielectric", is preferably used as the layer 7. In other 
words, a separate process step is not necessary for closing 
the opening, if the method is integrated into a customary 
process. In the completed semiconductor structure, the 
parasitic capacitances are greatly reduced without appreciable 
disadvantages with regard to the conductivity of the 
interconnect. The dielectric between the interconnect and 
underlying structures in the support is composed of the 
insulating layer 2 (preferably a gate oxide) having a 
thickness of a few nm and of the cavity, which is preferably 
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filled with air and whose vertical extent preferably lies in 
the range of 200 to 800 nm. 

Fig. 6 the figure illustrates the application of the invention 
to a support with a MOS transistor. The support contains doped 
regions 10, 12 having the opposite conduction type to that of 
the semiconductor substrate 1. A channel region 11 is situated 
between the doped regions 10, 12, which constitute source and 
drain. The interconnect 4 is routed as gate over the channel 
region and insulated from the substrate by the insulating 
layer 2. The cavity (H) , which has been fabricated according 
to the invention, is situated between the interconnect 4 and 
the insulating layer 2. The transistor illustrated is not 
switched by a potential present on the interconnect 4. 



Patent claims 



1. A semiconductor structure in an integrated circuit having 

- an insulating layer (2) on a support (1), 

- an interconnect (4), which is arranged above the insulating 
layer (2) and is isolated by a cavity (H) from the insulating 
layer, 

- an insulating covering (5, 7) , which laterally adjoins, in 
the form of a spacer, the interconnect (4), the cavity (H) and 
the upper surface of the interconnect (4), 

- the covering (5, 7) having an opening (6), which extends 
beyond the interconnect (4) only on one side of the 
interconnect (4). 

2. The semiconductor structure as claimed in claim 1, in 
which the cavity (H) has essentially the same width as the 
interconnect (4). 

3. The semiconductor structure as claimed in one of claims 1 
to 2, in which the support (1) has beneath the cavity (2) an 
active region, in particular a channel region (11) of a MOS 
transistor. 

4. The semiconductor structure as claimed in one of claims 1 
to 3, in which the interconnect (4) has a section in which 
there is arranged below it, instead of the cavity (H) , a lower 
conductive layer (3) made, in particular, of doped 
polysilicon. 

5. The semiconductor structure as claimed in one of claims 1 
to 4, in which the cavity (H) is filled with air. 



6. The semiconductor structure as claimed in one of claims 1 
to 5, in which the interconnect (4) is composed of a silicide. 



7. The semiconductor structure as claimed in one of claims 1 
to 6, in which the insulating layer (2) is composed of silicon 
oxide . 

8. A method for fabricating a semiconductor structure, 

- in which an insulating layer (2) is applied on a support 
(1) , 

- in which a lower conductive layer (3) and an upper 
conductive layer (4) are applied on the insulating layer (1) 
and patterned in track form, 

- in which an insulating covering (5) is formed on the side 
walls of the lower and upper conductive layers (3, 4) in the 
form of a spacer, 

- in which an opening (6) is produced in the insulating 
covering (5), said opening extending beyond the upper 
conductive layer (4) only on one side of the upper conductive 
layer (4) and uncovering a surface of the lower conductive 
layer (3), 

- in which the lower conductive layer (3) is selectively 
removed, 

- in which the opening is closed with a further insulating 
material (7) . 

9. The fabrication method as claimed in claim 8, in which the 
lower conductive layer (3) is fabricated from doped 
polysilicon. 

10. The fabrication method as claimed in claim 8 or 9, in 
which the upper conductive layer (4) is fabricated from a 
silicide . 
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11. The fabrication method as claimed in one of claims 8 to 

10, in which the lower conductive layer (4) is removed only in 
sections below the upper conductive layer (3) . 

12. The fabrication method as claimed in one of claims 8 to 

11, in which the lower conductive layer (3) is selectively 
removed using KOH. 

13. The fabrication method as claimed in one of claims 8 to 

12, in which a support with two mutually spaced-apart doped 
regions (10, 12) of a MOS transistor is used and the cavity 
(H) is produced above the channel region (11) of the 
transistor . 

14. The use of the method as claimed in claim 13 for 
programming predetermined transistors in an integrated 
circuit . 
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Abstract 

Semiconductor structure having an interconnect 

The semiconductor structure has an interconnect which is 
isolated by a cavity from an underlying insulating layer on a 
support. The fabrication method provides for the interconnect 
firstly to be patterned on a double layer and to be provided 
with an insulating covering, for an opening to be etched into 
the insulating covering, and then for the lower conductive 
layer to be selectively removed. As a result, one the one 
hand, low-capacitance wiring can be fabricated and, on the 
other hand, this enables MOS transistors to be programmed in a 
simple manner. 

Figure 5 
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FIG 5 



FIG 6 



